Convincing evidence from rodent models of carcinogenesis indicates that cis-9,trans-11 (c9tll) conjugated linoleic acid (CLA) is a potent naturally occurring anti-carcinogen in the human diet. CLA has been reported to alter the fatty acid composition of biological tissues in a manner that increases their oxidative stability. However, recent information suggests that an antioxidant role for CLA does not seem plausible. Given the knowledge that c9tll CLA is present in a wide range of meat and dairy food products, our studies have begun to investigate mechanisms by which CLAenriched milk fat exerts its anti-carcinogenic effects. An oxidative mechanism appears to be involved in its growth-suppressive effects, since supplementation of growth culture medium with CLA (1 7-71.5 pM) made breast cancer cells more susceptible to lipid peroxidation. Studies have indicated that cancer cells may become enriched in CLA during growth in culture. This may make intracellular lipids more susceptible to ordinary
Introduction
Conjugated linoleic acid (CLA) refers to a group of isomers of linoleic acid. T h e characteristic that binds the CLA isomers as a group is that, unlike linoleic acid, the two double bonds along the 18-carbon fatty acid chain are not separated by a methylene carbon, and therefore they are 'conjugated'. Conjugated double bonds may be on carbon atoms 7 and 9, 8 and 10, 9 and 11, 10 and 12, or 11 and 13 [1, 2] . All possible &/trans combinations are included in the group. Although conjugation of double bonds occurs as part of the free-radical-mediated oxidation of linoleic acid, CLA is a true isomer of linoleic acid, in that it does not possess an additional oxygen.
T h e presence of CLA in human blood and tissues can be accounted for by the free-radicalmediated oxidation of linoleic acid in vivo [3] .
Hydrogen abstraction by a free-radical species and subsequent diene conjugation leads to the formation of a linoleic acid lipid radical, which, in the presence of a protein source, can be transformed into CLA and a protein radical. Subsequently, total lipids were extracted from the cells and resuspended in 1 ml of chloroform prior to CLA analysis by GLC. There was a 4-fold higher uptake (1.6 g/100 g of fatty acid methyl ester) of CLA in the lipids extracted from cells treated with milk fat compared with untreated controls.
We have shown that [I4C]CLA added to the culture medium was incorporated directly into cell membrane phospholipids, and the extent of incorporation was proportional to the concentration of CLA added [24] . Our studies have demonstrated that, like the synthetic mixture of CLA isomers [25] , CLA-enriched milk fat induced lipid peroxidation in MCF-7 cells, and have suggested that cytotoxic lipid peroxidation products, such as conjugated diene hydroperoxides, might be generating an internal cellular pro-oxidant milieu that precedes the inhibition of growth-regulatory signals [25] .
Initial studies have suggested that CLAs may be acting at the level of gene expression in producing their cytotoxic action on tumour cells. There was an increase in the activity of three antioxidant defence enzymes [24, 25] , suggesting that CLA was disturbing the pro-oxidant/ antioxidant balance of the cells. It has been postulated that, due to the conjugated structure of CLA, there is more efficient trapping of electrons in its double bond than in methylene-interrupted double bonds, and that antioxidant enzymes are induced as an adaptation to oxidant exposure [26] . An examination of the mode of cell death in leukaemic and pancreatic cancer cell lines induced by PUFA showed that the proportion of cancer cells undergoing apoptosis was correlated with the number of fatty acid double bonds and with the extent of PUFA-induced lipid peroxidation [27] . PUFA-induced apoptosis was oxidative, being blocked by both vitamin E acetate and sodium selenite. Based on these studies, pro-oxidant effects of PUFA may underlie the induction of apoptosis, possibly by depletion of antioxidants, phosphorylation of membrane proteins such as Bcl-2, or perturbation of membrane phospholipid orientation [28] . A number of studies have now shown that oxidation of membrane phospholipids is part of a final common pathway leading to apoptosis following oxidative stress [29, 30] . Figure 1 demonstrates that the c9tll CLA isomer decreased [14C]arachidonic acid uptake into phosphatidylcholine, while increasing uptake into phosphatidylethanolamine, in MCF-7 cells. The decrease in the uptake of arachidonic acid into phosphatidylcholine is of significance, as this is the phospholipid that is preferentially hydrolysed by phospholipase A, to provide arachidonic acid for eicosanoid synthesis [31] . Although still at a very preliminary stage, these initial results suggest that one of the effects of the CLA enrichment of cancer cells may be to increase the tendency to form lipid radicals which can induce apoptosis via arachidonic acid oxidation of particular phospholipids.
Conclusions
The proportion of c9tll CLA to other CLA isomers, in particular t10c12 CLA, may be critical in determining the balance between antioxidant and pro-oxidant behaviour in model systems. CLA is prone to oxidation in vitro, and it has been suggested that increased lipid oxidation may contribute to the cytotoxic effects of this agent in cancer cell lines. Uptake of PUFA by tumour cells provides the potential to alter the membrane composition of a tumour cell. Such changes might alter phospholipid orientational distribution, and hence physical properties of biomembranes, or may activate phospholipid hydrolysis and effect changes in cell signalling components. The activity of membrane-bound enzymes, ligand binding, transport and differentiation are specific events that could be modulated by biophysical changes resulting from PUFA enrichment of tumour cells. With regard to understanding the biochemical effects of CLA on cancer cells, all of these have yet to be defined.
